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Recent advances in atomic scale oxide synthesis provide new approaches to creating novel electronic and magnetic states in artificially designed heterostructures [1] . Pioneering discoveries include a quasi two-dimensional conducting electron gas at insulating oxide interfaces [2] [3] [4] [5] [6] , thickness dependent or strain-induced metal-insulator transition in ultra thin films [7] [8] [9] [10] and at inserted monolayers [11] , as well as emergent magnetism [12] [13] [14] [15] , orbital reconstruction [16, 17] and pseudogap [18] . These discoveries mark important milestones towards the goal of using the new synthesis capabilities to engineer correlation effects such as magnetism and superconductivity.
In this Letter, we use ab initio electronic structure methods to demonstrate the viability of internal charge transfer and heterostructuring as a route to controlling correlation effects in complex oxides. The calculations indicate that a superlattice composed of layers of LaTiO 3 (a narrow gap S = 1/2 antiferromagnet) and LaNiO 3 (a wide band paramagnetic metal) is a S = 1 charge transfer Mott insulator, with magnetic moments on the Ni sites, negligible magnetism on the Ti sites, and a charge transfer gap controlled by the energy difference between the Ni and Ti d levels, which is distinct from conventional S = 1 Mott insulators (e.g. NiO and La 2 NiO 4 ). We further show that small hole doping may lead to a two-dimensional single-band Fermi surface, with carriers residing on Ni d x 2 −y 2 orbital and strongly coupled to correlated spins on Ni d 3z 2 −r 2 orbital, whereas doping with electrons also leads to a two-dimensional Fermi surface but with carriers on Ti d xy orbital and weakly coupled to antiferromagnetic ordering in the NiO 2 layer.
Charge transfer at oxide interfaces has been previously considered, for example, in the context of propagation of magnetic order from a manganite to a cuprate material [19, 20] , or titanate [21] , or nickelate [22] [23] [24] . Here we show that the charge transfer can be large enough to fundamentally change the electronic properties. In the superlattice considered here, the lone electron in the conduction bands of TiO 2 layer is completely depopulated and the NiO 2 layer is transformed from a wide band metal to a S = 1 Mott insulator. To quantitatively test the above idea of engineering correlation effects via charge transfer and explore the predicted phenomena, we performed density functional plus U calculations (DFT+U) including fully structural relaxations (see Supplementary Material for details).
The unit cell used in the simulations is shown in Fig. 2 . We considered ferromagnetic (F ), stripe antiferromagnetic (S, wavevector (0, confirming the Mott nature of the state predicted here.
To this point, our calculations have used the physically accepted value U Ti = 4 eV [30] . We have investigated the robustness of our results to the choice of U by sweeping the phase space spanned by U Ti and U Ni for the F , S and G magnetic states. We find the energy sequence G < S < F throughout the phase space. Figure 3D shows that although the position of the metal-insulator transition boundaries depends on the U values, the essential features are U-independent. The phase boundary for all the magnetic states has a negative slope, which is understood as follows: within DFT+U, U Ti increases the Ti t 2g states because Ti t 2g shell is less than half filled, while U Ni increases the energy gap between the Ni e g majority and minority spins. Therefore, with a given U Ti , we need a U Ni large enough to separate orbitals are occupied, leading to a spin S = 1 configuration, while all Ti t 2g orbitals are empty, resulting in a spin S = 0 configuration. Since both Ni e g orbitals are filled and all the three Ti t 2g orbitals are empty, there is no orbital polarization in the sense of Ref. [35, 36] .
However, our first-principles calculations show that the valence band maximum is mainly of light on the fundamental differences between these predicted phases.
In conclusion, we have shown within the DFT+U approximation that in a 
